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Spatial and temporal changes in Lutzomyia longipalpis abundance, 
a Leish mania infantum vector in an urban area 
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This study aimed to analyse changes in the spatial distribution o/ Lutzomyia longipalpis in Posadas, an urban 
area located in northeastern Argentina. Data were obtained during the summer of 2007 and 2009 through two en- 
tomological surveys of peridomiciles distributed around the city. The abundance distribution pattern for 2009 was 
computed and compared with the previous pattern obtained in 2007, when the first human visceral leishmaniasis 
cases were reported in the city. Vector abundance was also examined in relation to micro and macrohabitat char- 
acteristics. In 2007 and 2009, Lu. longipalpis was distributed among 41.5% and 31% of the households in the study 
area, respectively. In both years, the abundance rates at most of the trapping sites were below 30 Lu. longipalpis per 
trap per night; however, for areas exhibiting 30-60 Lu. longipalpis and more than 60 Lu. longipalpis, the areas in- 
creased in both size and number from 2007-2009. Lu. longipalpis was more abundant in areas with a higher tree and 
bush cover (a macrohabitat characteristic) and in peridomiciles with accumulated unused material (a microhabitat 
characteristic). These results will help to prioritise and focus control efforts by defining which peridomiciles display 
a potentially high abundance o/Lu. longipalpis. 
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In Latin America, Lutzomyia longipalpis is the main 
vector of Leishmania infantum (syn. Leishmania cha- 
gasi), the causal agent of visceral leishmaniasis (VL) 
(Lainson & Rangel 2005). This illness has been de- 
scribed as a rural disease. However, urban outbreaks 
have been the recent trend, with the domestic dog serv- 
ing as the main urban reservoir (Ready 2008). Lu. lon- 
gipalpis is highly adaptable to peri-urban and urban 
settings (Harhay et al. 2011) and previous studies of the 
region have shown that Lu. longipalpis is abundant in 
areas that are densely populated with humans (Fernan- 
dez et al. 2010, Harhay et al. 2011). 

The historical transmission pattern of VL indicates 
that the parasite circulates in rural forested areas or even 
at the periphery of urban environments (Feliciangeli et 
al. 2006). VL transmission has also been observed in 
middle-class neighbourhoods in highly urbanised areas 
(Cerbino Neto et al. 2009). 
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Some environmental characteristics, such as the 
presence of chickens and other domestic animals, fruit 
trees and deficient sanitary conditions, may increase the 
abundance of sandflies by providing suitable breeding 
sites (Sherlock 1996, Alexander et al. 2002, Oliveira et 
al. 2003, 2006, Costa et al. 2005, Fernandez et al. 2010). 

During the summer of 2007, four autochthonous hu- 
man VL cases were recorded for the first time in Ar- 
gentina, in the city of Posadas (province of Misiones), 
together with the presence oiLu. longipalpis and infect- 
ed dogs (Salomon et al. 2008). From the end of 2006- 
2009, the incidence of human cases of VL in Posadas 
increased to 32 (National Health Surveillance, Health 
Ministry). However, a study conducted in this urban area 
of Argentina showed that the distribution of Lu. longi- 
palpis throughout Posadas was not uniform; this vector 
was distributed in areas of high abundance surrounded 
by areas of low abundance (Fernandez et al. 2010). The 
environmental characteristics of areas with a high vector 
abundance were associated with socio-economic vari- 
ables that encouraged the presence of the vector within 
densely populated areas. These characteristics included 
a high proportion of tree and bush cover, the presence 
of chickens, an absence of electrical power and a low 
proportion of houses with lack of building materials and 
economic deprivation. This last socio-environmental 
variable indicates that the areas of high vector abundance 
are mainly found within the urban environment, rather 
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than in the ruralised peri-urban environment (Fernandez 
et al. 2010). In another study conducted in Posadas, San- 
tini et al. (2012) found that patches of high vector abun- 
dance were associated with a large number of plant pots 
and trees and less ground cover by land or grass. 

Salomon and Quintana (2011) described three spatial 
scales of analysis for studying vector abundance and the 
incidence of human cases: microscale, mesoscale and 
macroscale. The first scale refers to changes in vegeta- 
tion on a small scale, such as housing and peridomicile 
characteristics. The second scale refers to the effects of 
deforestation and urbanisation at a local level, where a 
metapopulation structure of vectors and/or outbreak- 
related phenomena can be found. The third scale refers 
to the distribution of large-scale trends (country) and the 
potential distribution of species in eco-regions. 

Within a microscale framework, we can examine the 
response of vector abundance to environmental vari- 
ables recorded at micro and macrohabitat levels. We can 
define macrohabitats as distinguishable units where an 
individual performs all of its biological functions during 
a typical activity cycle. A microhabitat can be charac- 
terised by the physical and chemical variables that in- 
fluence the location of an individual within its macro- 
habitat (Morris 1987). In the present study, we defined 
macrohabitat characteristics as those that describe a 
neighbourhood and microhabitat characteristics as those 
that describe households. In a previous study in Posadas, 
most of the environmental variables used to explain the 
abundance distribution of Lu. longipalpis were surveyed 
at the census-tract level, which corresponds to neigh- 
bourhoods, while little information about the sampled 
households was recorded (Fernandez et al. 2010). 

The aim of this study was to analyse the changes in 
the spatial distribution of Lu. longipalpis in Posadas dur- 
ing an early stage of an outbreak and two years later, in 
2007 and 2009, respectively, and to examine the associa- 
tion between vector abundance and micro and macro- 
habitat characteristics. 

MATERIALS AND METHODS 

Study area - Posadas is located on the northeastern 
border of Argentina (27°23'S 55°53'W, 120 m above sea 
level) and is the most populated city of Misiones, with 
more than 320,000 inhabitants (National Institute of Sta- 
tistics and Census 2010) (indec.com.ar). The city is located 
on the shore of the Parana River in the Paranaense forest 
eco-region, a subtropical humid forest of the Amazonian 
domain. The mean annual temperature and precipitation 
in the area are 22.2°C and 1,699 mm, respectively (Na- 
tional Institute of Statistics and Census 2009). 

Entomological data - Lu. longipalpis captures were 
performed in 2007 and 2009 between January-March 
(2007: from 1 February-31 March; 2009: from 21 Janu- 
ary-11 March). This period displays a high abundance of 
Phlebotominae, which occurs during the warmest temper- 
atures after the rainy season (Oliveira et al. 2008, Fernan- 
dez et al. 2012). In both surveys, the city was divided into 
a grid of 400 m x 400 m. In each case, the "worst sce- 
nario" method was used to select at least one household 



within the area (Feliciangeli et al. 2006, Antonialli et al. 
2007). Worst scenarios are characterised by the presence 
of vegetation, which provides shadow, moist soil, detri- 
tus, access to blood sources and a lack of light interfer- 
ence. A CDC battery-operated mini-light trap was placed 
in the household peridomicile overnight. Although the 
sampled areas were the same in 2007 and 2009, not all of 
the sampled households were the same. All of the sampled 
households were geopositioned with a GPS and located 
within a map of Posadas using ArcView GIS 3.2a 1999 
(Environmental Systems Research Institute, ArcView 
Spatial Analyst 2.0a, New York, USA). A total of 282 and 
310 households from the same spatial area were sampled 
in 2007 and 2009, respectively, and included in the com- 
parative analysis. Each household was sampled for only 
one night, though exceptions were made when Phleboto- 
minae were not captured in any of the traps or when un- 
favourable weather conditions were recorded (rain, strong 
winds) that would prevent the presence of sandflies. In 
such cases, the first night was discarded during the analy- 
sis to avoid any biases and to rule out possible negative 
values for vector abundance. To maintain proper storage 
of the Phlebotominae, the captured specimens were kept 
at -20°C. They were treated with lacto-phenol, observed 
with an optical microscope and identified according to 
Galati's key (2003), using generic abbreviations according 
to Marcondes (2007). During the sampling period, the Lu. 
longipalpis abundance at each household was estimated 
using the number of specimens captured per trap-night. 
The observed Lu. longipalpis abundances were compared 
between the two years using a generalised linear model, 
with a Poisson distribution for errors and a logarithm link 
function. To account for overdispersion, the standard er- 
rors (SE) were corrected using a quasi-Poisson model 
(McCullagh & Nelder 1989). We also compared the pro- 
portion of positive households between the two years us- 
ing a proportion Z-test. 

Although both of the surveys were conducted dur- 
ing the summer, the daily maximum and minimum 
temperatures and the daily maximum wind speeds 
were compared for the sampling periods (t test, alpha 
with a Bonferroni correction of 0.01, meteorological 
data available from Posadas airport, provided by the 
National Weather Service). 

Spatial analysis - The semivariogram function was 
computed for the Lu. longipalpis abundance values ob- 
tained in 2009 to compare the spatial dependence of vector 
abundance between the two years. To estimate the range, 
the nugget and the sill, we fitted the semivariogram func- 
tion using a spherical model. To account for anisotropy, 
four directions were considered: 0°, 45°, 90° and 135°. Vec- 
tor abundance was interpolated using an ordinary krig- 
ing procedure to locate patches and gaps of abundance in 
the city and to compare the changes in the spatial pattern. 
These analyses were performed using S-PLUS 6.0 with a 
spatial extension module (Insightful 2001). 

The interpolated abundance was categorised into 
three levels: low abundance (less than 30 individuals per 
trap-night), intermediate abundance (from 30-60 indi- 
viduals per trap-night) and high abundance (more than 
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60 individuals per trap-night). This classification was 
based on previous research showing that higher vector 
abundance is related to a higher transmission risk of VL 
(Costa 2008). The maps of Lit. longipalpis abundances 
recorded from 2007 and 2009 were overlapped. We com- 
puted the percentages of areas characterised by a null, 
low, intermediate or high sandfly abundance according 
to the categories defined, using the interpolated abun- 
dance values obtained from the kriging procedure us- 
ing ArcView Spatial Analyst 2.0a 2000 (Environmental 
Systems Research Institute). 

Environmental analysis - An environmental analysis 
was carried out only for the data from 2009 because an 
analysis of the data from 2007 was previously reported 
(Fernandez et al. 2010). A total of 312 sampled house- 
holds were included in the analysis to examine the as- 
sociation between Lii. longipalpis and the surveyed en- 
vironmental characteristics (90% of these households 
were included in the spatial analysis, while the remain- 
ing 10% corresponded to households located outside the 
grid). Twenty-five environmental characteristics were 
recorded at each sampling point. The results of the data 
analysis for 2007 were reviewed to determine the envi- 
ronmental variables to be surveyed for 2009 (Fernandez 
et al. 2010); however, the data analysis for 2007 lacked 
environmental characteristics surveyed at the microhab- 
itat scale. Despite this lack of available data, the present 
study incorporated environmental characteristics sur- 
veyed within the households at the microhabitat scale. 
Previous literature was referenced to determine and se- 
lect microhabitat variables related to the biology of the 
vector (Gontijo & Melo 2004, Costa et al. 2005, Lainson 
& Rangel 2005, de Oliveira et al. 2006b, Oliveira et al. 
2006, Mestre & Fontes 2007). Additionally, we retained 
the environmental characteristics that best explained 
vector abundance in 2007 (Fernandez et al. 2010). 

Environmental data were obtained from three differ- 
ent sources: (i) land cover classification and cartographic 
data, (ii) household field characteristics recorded simul- 
taneously with entomological sampling and (iii) Google 
Earth^M satellite images (Table I). For land cover clas- 
sification, we used data provided by the Ente Binacional 
Yacyreta (EBY). Three different classes of land cover 
were identified based on an Ikonos remote-sensing im- 
age (from April 2009, 1.2-m resolution): herbaceous veg- 
etation, arboreal or shrub vegetation and non-vegetated 
areas (e.g., streets, roads, paths and buildings). The per- 
centages of these classes were computed with a buffered 
circular radius of 50 m, 100 m or 200 m around each sam- 
pled household. The distance to the nearest water source 
(rivers, streams) was computed from a map provided by 
the EBY. The number of unpaved roads in the block was 
recorded from the Google Earth^^ satellite images (13 
September 2009, 1.62 km altitude). In these images, the 
land in the study area appears reddish, while unpaved 
roads appear red and paved roads appear gray to black. 

Twenty characteristics of the households were sur- 
veyed simultaneously with the entomological data, relat- 
ed to the vegetation, general conditions and maintenance 
of the domicile and peridomicile. Finally, three indices 



were created based on these characteristics: a vegeta- 
tion index, in which each surveyed vegetation variable 
contributed to the index, a dwelling index, based on the 
housing characteristics and the surrounding area, and 
an animal index, based on the presence of chickens and/ 
or dogs. Details of the construction of these indices are 
provided in Table I. 

The association between Lu. longipalpis abundance 
and the examined environmental characteristics was 
analysed through a forward stepwise multiple regression 
procedure using generalised linear models (McCuUagh 
& Nelder 1989). Because the response variable consisted 
of the number of individuals per trap-night, a Poisson dis- 
tribution was employed for errors and a logarithm link 
function was applied. To account for overdispersion, the 
SE were corrected using a quasi-Poisson model. Explana- 
tory variables that were significant at the 5%o level were 
included in the model, establishing parameter estimates/ 
SE and degrees of freedom. A two-tailed t test was car- 
ried out to determine the significance of the parameter es- 
timates. To avoid multicollinearity between explanatory 
variables, we discarded those variables that were highly 
associated with others that had already been included in 
the model (with p < 0.01 for the Pearson correlation test). 
Following a graphical check of the assumptions of the 
analysis, one outlier was removed. The parameters were 
re-sampled using the bootstrap method. The spatial de- 
pendence of the sandfly abundance was analysed includ- 
ing an autocovariation matrix in the generalised lineal 
model, according to the methodology described by Dor- 
mann et al. (2007). The autocovariation matrix was com- 
puted using the spdep package (Bivand et al. 2013) for R, 
according to the parameters estimated from the semivar- 
iogram function. Then, the autocorrelation of the model 
residuals was analysed by computing the semivariogram 
function. All of these analyses were conducted using the 
R 3.0.0 (R Development Core Team 2013) and S-PLUS 
6.0 with a spatial extension module (Insightful 2001). 

RESULTS 

In 2007 and 2009, 2,380 (male:female sex ratio of 3.5) 
and 6,916 (male:female sex ratio of 7.5) Lu. longipalpis 
were captured, respectively. More than 99% of the to- 
tal captures (from 282 and 310 of the sampled houses 
in 2007 and 2009, respectively) represented this species. 
During both years, the presence of Evandromyia cor- 
tellezzi (2007: 8 individuals, 2009: 11 individuals ) was 
also recorded and during sampling in 2007, Nyssomyia 
whitmani and Nyssomyia neivai were observed, each of 
which was represented by a single captured specimen. 

The weather conditions were similar (p > 0.05) dur- 
ing the two survey periods according to an independent 
t test with the Bonferroni correction: daily maximum 
temperatures, 32.04°C (2007) and 32.96°C (2009), daily 
minimum temperatures, 21.96°C (2007) and 22.08°C 
(2009), and daily maximum wind speeds, 28.4 km/h 
(2007) and 30.9 km/h (2009). 

During both survey periods, Lu. longipalpis was 
found to be distributed throughout the study area. The 
percentage of households in which the vector was ob- 
served decreased from 41.5-31% from 2007-2009, re- 
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spectively (p = 0.008). In 2009, the average recorded 
abundance was 22.3 individuals per trap-night [SD 
93.2, range (0:1,111)]. This value was almost three times 
greater than that recorded in 2007 for the same area (8.4 
individuals per trap-night, p = 0.02). In 2009, the spatial 
autocorrelation of Lu. longipalpis abundance was up to 
688 m (estimated range of the semivariogram function: 
sill, 8,074; nugget 1,950). This distance was similar to 
that observed in 2007 (Fernandez et al. 2010). The semi- 
variograms created for the four directions indicated isot- 
ropy. For both survey periods, sites of intermediate and 



high abundance of Lu. longipalpis appeared as a pattern 
of patches within a matrix of low abundance. However, 
between 2007-2009, some changes were observed in the 
interpolated abundance in relation to the main patches 
recorded. From 2007-2009, three patches increased in 
size: one showed a change in position, three disappeared 
and six new patches were recorded (Figure). 

The estimated areas characterised by null or low vector 
abundance decreased between the two survey years, from 
8.4-6.3% for null abundance and from 88.6-83% for low 
abundance. In contrast, the estimated areas displaying an 



TABLE I 

Environmental characteristics analysed to explain the abundance 
of Lutzomyia longipalpis in the city of Posadas, Misiones, Argentina, in 2009 

Description and units 

Neighbourhood (macrohabitat) 

Surface covered by herbaceous vegetation at 50/100/200 m (%)" 

Surface covered by trees and bushes at 50/100/200 m (%)" 

Surface covered by unvegetated areas at 50/100/200 m (%)" 

Number of unpaved streets around the block of the household (0-4)" 

Water source distance (rivers, streams) (m)" 
Household (microhabitat) 

Presence of accumulated unused material 

Presence of garbage (organic and inorganic)* 

Presence of sewage* 

Presence of latrine* 

Presence of water stream* 

Presence of impervious surfaces in the peridomicile* 
Peridomicile maintenance, categories: good, regular and bad* 
House built in wood* 
House built with brick* 

House built with more than one type of material* 

Presence of lemon trees' 

Presence of mango trees* 

Presence of vines* 

Presence of other trees* 

Presence of grass* 

Presence of bare soil at the peridomicile* 
Domestic use of deltamethrin*^ 
Domestic use of phenolic compounds* "' 
Presence of dogs* 
Presence of chickens* 

Vegetation index, range (0:5). The presence of vines, grass or mango, lemon or other trees add one unit to the index. 

Dwelling index, range (1:9). The presence of garbage, junk, sewage, latrine, bare soil, houses built with more than one type of 
material and regular peridomicile maintenance adds one unit to the index. Bad maintenance of peridomicile and house built in 
wood adds two units to the index. Good maintenance of the peridomicile and house built with brick subtracts one unit to the 
index.' 

Animal index, range (0:2). The presence of dogs and chickens adds one unit to the index. 

a: land cover classification, cartographic information or Google Earth™ satellite image; b: field records carried simultaneously 
with the trapping session; c: K-OthrinA"; d: "acaroina"; e: index constructed based on the characteristics surveyed. 
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intermediate or high vector abundance increased from 1.6- 
4.7% and from 1.4-6.1% for 2007 and 2009, respectively. 

The abundance of Lu. longipalpis in 2009 was greater 
at sites with a higher degree of tree or bush cover and an 
accumulation of unused material in households (20.25% 
of total deviance explained) (Table II). The spatial de- 
pendence of the vector abundance was significant in the 
model (p = 0.03) and the semivariogram created for the 
residuals of the models showed no spatial dependence. 
Additionally, the coefficients for the environmental vari- 
ables did not change substantially by removing the auto- 
covariate term. 

DISCUSSION 

Although the pattern of patches was similar between 
2007-2009, we observed areas of higher abundance and 
an overall 265% increase in the average abundance. It is 
difficult to know whether this is the first stage of vec- 
tor colonisation and if vector abundance will continue to 
increase in the city or if this pattern of abundance will 
stabilise over time. Despite the focused anti-vector inter- 
ventions (pyrethroid treatment) carried out by Posadas, 
the abundance oiLu. longipalpis increased (OD Salomon 
and MS Santini, unpublished observations). However, it 
is not possible to determine the effectiveness of these 



measures because we cannot predict what the abundance 
of the vector would have been if these measures had not 
been taken. In the city of Campo Grande, located in the 
Central-West Region of Brazil near the study area, the 
abundance of Lu. longipalpis increased 60 -fold from 
1999-2000 to 2004-2005 (de Oliveira et al. 2006a). 

From 2007-2009, spatial analysis showed that the 
areas with an intermediate or high abundance of sand- 
flies increased, whereas the percentage of households 
with sandflies decreased during this period. These re- 
sults suggest that vector abundance is likely increasing, 
but becoming more concentrated in fewer households. It 
would be worthwhile to study the dispersion of the vec- 
tor in the following years to confirm this hypothesis. 

For both survey years, the SE of the interpolated 
abundance was higher compared to that of the mean val- 
ues. These results agree with those reported by Santini et 
al. (2012), who studied the variance between and within 
patches. These authors found that the variance in high 
or low abundances within patches was due to the abun- 
dances recorded in the households. Therefore, the higher 
SE obtained in 2009 in relation to 2007 were likely a 
result of the higher abundances recorded. 

Because the vector is not distributed evenly through- 
out the city, the observed spatial pattern of Lu. longi- 
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A: interpolated abundance by kriging in summer 2007 and summer 2009 in the city of Posadas, Argentina. The main patches are indicated by 
capital letters (D: patches that disappeared from 2007-2009; I: patches that increased in size from 2007-2009; M: patches that modified their 
position in 2009 in relation to their position in 2007; N: new patches that appeared in 2009); B: standard errors (SE) of the kriging procedure for 
both years (2007 SE and 2009 SE). The year of 2009 showed more variability than 2007 (see reference scale). Note that the colour reference scale 
of the SE was reversed compared to the vector abundance scale (darker colours mean less error) in order to make the figure more readable. 
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palpis abundance has implications for the design and 
implementation of control measures. The patches with 
a higher abundance should not be considered completely 
static over time because, as observed in our data, their 
size and position in space may change over time and 
new patches may appear, while others disappear. In this 
regard, it would be worthwhile to study the effects of 
changes in biotic and abiotic factors, in addition to hu- 
man practices. Regular monitoring would be required 
(though not exclusively, i.e., along with examining other 
epidemiological criteria, such as active transmission) to 
improve the efficiency of interventions in patches with 
high vector abundance. Thus, controlling the vector in 
these patches of high abundance could have a major im- 
pact on parasite transmission in the entire city. By apply- 
ing the 80/20 principle (Woolhouse et al. 1997), we were 
able to postulate that effective interventions in areas with 
a high vector abundance could decrease the transmission 
of the disease in the city by approximately 80%, taking 
into consideration the variations and specific character- 
istics associated with different transmission scenarios. 

The similarities between the spatial patterns of the 
abundance distributions obtained in 2007 and 2009 may 
reveal characteristics of suitable and unsuitable sites for 
vector establishment. In this study, we explored the re- 
lationship between Lu. longipalpis abundance and 25 
environmental characteristics during 2009. One charac- 
teristic that affected the distribution of Lu. longipalpis 
abundance was the amount of surface area covered by 
trees and bushes around the household, which is defined 
as a macrohabitat characteristic. This characteristic ex- 
plained the greatest deviance in Lu. longipalpis abun- 
dance for 2007, within a buffer zone of 50 m; however, 
all of the examined buffer distances (50 m, 100 m and 
200 m) were correlated (Fernandez et al. 2010). 

In the 2007 survey, only a few characteristics of the 
households were recorded and the lack of an explana- 
tion for the abundance of Lu. longipalpis was partially 
attributed to this lack of information. Thus, a greater 
effort was made to describe household characteristics 
during the 2009 sampling. Although 20 environmental 
variables were surveyed during household sampling (mi- 
crohabitat), we did not improve the capacity to explain 
the distribution of Lu. longipalpis abundance; however. 



the presence of accumulated unused material within the 
peridomicile did provide a partial explanation. In the en- 
vironmental analysis performed in this work, the pres- 
ence of chickens did not explain the abundance of Lu. 
longipalpis. However, in the literature, chickens are de- 
scribed as a risk factor when henhouses are close to hu- 
man bedrooms, due to an increase in the attractiveness 
and availability of potential breeding sites (Alexander et 
al. 2002, Dias et al. 2003, Oliveira et al. 2003, Missawa 
et al. 2008). An association between chickens and inter- 
mediate or high vector abundances has been previously 
reported (Fernandez et al. 2010). In the present study, 
chickens were recorded in the peridomicile, in close as- 
sociation with humans. 

Although we found no evidence of dogs acting as a 
risk factor for vector abundance, they were present in 
60% of the households sampled. In the same study area, 
Santini et al. (2010) found that dogs must remain at a 
distance of 5 m to prevent the insect from landing in 
humans, thus demonstrating the importance of keeping 
dogs away from the humans. 

Based on the present study and previous findings 
(Fernandez et al. 2010, Santini et al. 2012), tree and 
shrub cover would be an environmental characteristic 
that is related to sandfly abundance. However, further 
studies will be needed to determine whether sandfly 
abundance is associated with certain tree species with 
particular characteristics (e.g., deciduous trees). Within 
high-abundance patches, the presence of accumulated 
unused material in the peridomicile may provide suit- 
able conditions (e.g., shelter and shade) for the vector. 

Our results agree with those obtained by de Oliveira 
et al. (2012) in the state of Mato Grosso do Sul, Brazil. 
These authors found an association between Lu. lon- 
gipalpis and the vegetation cover, thus concluding that 
large trees may offer a better microenvironment where 
sandflies can find appropriate refuge and breeding sites. 
They also observed a greater vector abundance in house- 
holds with chickens. Therefore, the authors suggested 
that sandfly populations are concentrated in small areas 
where the food supply is satisfactory, coinciding with the 
presence of large vegetation covering. Defining variables 
that might be related to vector biology is often a difficult 
task, especially in an urban context, where the number 



TABLE II 

Multiple regression model, general linear model [parameter estimates and standard errors (SE)] for the abundance of Lutzomyia 
longipalpis as a function of environmental and demographic variables in the city of Posadas, Misiones, Argentina, in 2009 





Parameter 






Habitat scale 


Variable 


estimates 


SE 


P 


interpretation 


Intercept 


-0.911 


1.147 


0.427 




Presence of accumulated unused material 


1.610 


0.320 


< 0.001 


Micro 


Proportion covered by trees and bushes 100 m around the sampling point 


7.457 


2.634 


0.004 


Macro 


Autocovariate 


0.008 


0.004 


0.031 





null deviance = 26175.19, degrees of freedom (df) = 310; residual deviance = 20876, df = 307. 
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of possible variables (biological and sociodemographic) 
is large. The preliminary results presented here provide 
a framework of variables to be considered and built upon 
in future studies of Leishmania vectors in urban environ- 
ments. The environmental models created for Posadas 
may be used as a starting point when creating more-robust 
predictive models of Lii. longipalpis abundance, specifi- 
cally for selecting appropriate environmental characteris- 
tics in an urban environment. The consistency of some of 
the environmental indicators in the models constructed 
for 2007 and 2009 suggests that these variables should be 
considered in future studies. Other factors that were not 
considered in this analysis, such as microclimatic vari- 
ables, could also improve the model. 

Finally, if the patches of high vector abundance ob- 
served in Posadas can be used to establish a general 
pattern for urban environments, it could contribute to 
explaining the clustering patterns found in the trans- 
mission of human and canine VL ( Waleska et al. 2005, 
Carneiro et al. 2007). Margonari et al. (2006) observed 
that, in general, sites with a high abundance of sandflies 
correspond to many human and canine cases of VL. 
Therefore, a risk map for VL transmission based on Lu. 
longipalpis abundances and canine VL could be built 
and used to prevent human cases. A robust environmen- 
tal model will enable the estimation of vector abundance 
and the incorporation of this information directly into 
the construction of risk maps. 
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